The purpose of this paper is to eliminate the manual control for pick and place system. The robot arm is designed with three joints, two links and three Dc motors. Arduino microcontroller is used to generate the required angular position of the robot joints. In this research, the link length of the robot arm is calculated to enable carrying the desire object weight. The position of the robot arm end effector is calculated with kinematic modeling method which include forward and inverse kinematic. Robotic tool box is used to task the position of the robot arm using forward and inverse kinematic. PID control method is used for accurate position of the end effector. In this research the gain of the PID controller is tuned by using the Ziegler-Nichol method. In this research, Output position of the robot arm are shown in MATLAB simulation. Forward and inverse kinematics result also are shown in MATLAB GUI.
INTRODUCTION
An industrial manipulator is basically a mechanical arm operating under computer control, in other word a robot arm. Robots are modeled as rigid bodies (Links) and joints. The joints are assumed to induce either pure rotation or translation motion. These links and joints make up kinematic chains which form the basic structure of the equipment. In a production line like injection molding, stamping, assembly, packaging, etc. (i.e. point to point (PTP) application), or in specialized machine operations like welding, cutting, grinding, etc. (i.e. continuous path robots) [1] .
Kinematics is the science of geometry in motion. It is restricted to a pure geometrical description of motion by means of position, orientation, and their time derivatives. The Denavit Hartenberg notation gives a standard methodology to write the kinematic equations of a manipulator. There are two important aspects in kinematic analysis of robots: the Forward Kinematics problem and the Inverse Kinematics problem. Forward kinematics refers to the use of the kinematic equations of a robot to compute the position of the endeffector from specified values for the joint parameters. Inverse kinematics refers to the use of the kinematics equations of a robot to determine the joint parameters that provide a desired position of the end-effector [2] .
Robotic Arm controller is the challenging and demanding activity in industrial field as well as military and other applications. Robots are generally used to do unsafe, dangerous, highly repetitive, and unpleasant tasks which have many different functions such as material handling, assembly, arc welding, resistance welding, machines tool load and unload functions, painting, spraying, etc. A robotic arm is a Robotic Arm controller is the challenging and demanding activity in industrial field as well as military and other applications. A robotic arm is a robot manipulator, normally programmable with analogous functions to a human arm. Usually robots are set up for a task by the teach-and-repeat technique [3] .
PID controller is a single loop controller which was introduced in 1940. PID controllers have been extensively used in industrial applications. The success of PID controllers is due to their simple structure and easiness of setting their parameters (Proportional -Integrative -Derivative [4] . This paper has three main contributions. Firstly, mechanical design of the robot arm is considered to pick up the desired object. Secondly, forward and inverse kinematic are described using the robotic tool box in MATLAB software. Finally, PID gain has been designed for the system using manual PID tuning by using Ziegler Nichol Method. This paper has been organized as follows, Section-II describes the mechanical design of 3_DOF(Degree of freedom) Articulated Robot Arm. Section-III calculates the kinematic modelling. Section-IV expresses tuning the PID gain for DC motor. Section V shows simulation results for 3-DOF Articulated robot arm with MATLAB/Simulink.
PROCESS FLOW CHART OF ROBOT ARM CONTROL
All In this research, the design parameters of the robot arm are considered. And then, the position of the end effector is calculated with kinematic modeling method in PC. To get the actual position of the robot joint angle, PID controller is used. In this paper, Kinematic modeling is an essential role in design and robot arm control. Robot arm kinematics deals with the analytical study of geometry motion of robot arm from fixed reference of coordinate system as a function of time without regard to movements that causes the motion. 
DESIGN OF 3-DOF ARTICULATED ROBOT ARM
All in this research, the design of the system is shown in fig.1 . In this design, there are two conveyors and robot arm. Conveyor 2 carries the objects and conveyor 1 carries the packages. Robot arm performs picking and placing the objects. The design of robot arm is 3-DOF articulated robot arm and consist of three joints. Joint 1 is base. Joint 2 and joint 3 are elbow and shoulder respectively. Table 1 shows the motor specifications for each motor in robot arm. In this table 70:1 means the gear ratio of output shaft and inner rotor. Three motors are different in weight because require torques are differed. Motor cap means that it is mounted on the shaft. Table 2 shows the material specification for 3-DOF articulated robot. 
Forward Kinematics Analysis
Forward kinematics usually refers to home position of geometric link parameters and used to find the position and orientation of end effectors. For the research work, 3-DOF robotic arm was selected. It is a vertical articulated robot, with three revolute joints. It has a stationary base, shoulder and elbow. Fig. 1 is a simple block diagram which indicates the relationship between direct and inverse kinematics problem. Fig.3 indicates robots arm links and the coordinate frame assignment.
Where, sinθ Sθ  and cosθ Cθ  Figure 6 . Isometric view of the robot arm Inverse kinematics usually refers to position and orientation of end effectors. It helps to find joint variables to achieve correct position of source location part .The orientation can be calculated with the given position into one homogeneous transformation matrix (T) that describes the orientation and position of the end effector, and then the inverse kinematics is applied to determine each joint angle. Three are three solution approaches; analytical, numerical and semi analytical [11] .In this paper, analytical method is used.
Inverse Kinematics Analysis
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TUNING THE PID GAIN FOR DC MOTOR
In the system, power supply of robot arm control system is used the 12V DC supply for all DC motors and arduino microcontroller. In this system, DC Motors have six wires. Red colour is motor power (connect to one motor terminal). Black colour is also motor power (connects to the other motor terminal). Green colour is encoder GND. Blue colour is encoder Vcc (3.5-20V). Yellow colour is encoderA output and White colour is encoderB output. Most DC motors run at the highest RPM (revolutions per minute) when the required power is supplied. The speed of DC motors is controlled by using pulse width modulation (PWM), a technique of rapidly pulsing the power on and off. The percentage of time spent cycling the on/off ratio determines the speed of the motor. Each pulse is so rapid that the motor appears to be continuously spinning with no stuttering. PID is a classic way of automatic control theory and the general trial control mode. Position can be controlled by PID controller. A PID controller supplies a control signal that has a component proportional to the tracking error of a system, a component proportional to the accumulation of this error over time and a component proportional to the time rate of change of this error. This module will cover these different components and some of their different combinations that can be used for control purposes. In engineering applications, the controllers appear in many different forms: as a stand-alone controller, as part of hierarchical, distributed control systems, which was built into embedded components. A proportionalintegral-derivative controller (PID controller) is widely used in industrial control systems. It is a generic feedback control loop mechanism and used as feedback controller. PID loop defines how much energy is to be fed to the motor at any instant during a move. This is based on where the motor is and where it was expected to be. There are four parts in the equation and this determines the load in which three main components are referred to as the P, I, D and the minor friction component is referred to as K.
P determines the reaction to current error, I determines reaction to the sum of recently appeared errors, and D determines reaction according to the rate off error changing. The sum of all three parts contribute the control mechanism such as speed control of a motor in which P value depends upon current error, I also depends on the accumulation of previous error and D predicts future error based on the current rate of change. 
GRAPHICAL USER INTERFACE (GUI)
Graphical User Interface development environment offers a set of tools in order to generate graphical user interface (GUI) [11] .They greatly facilitate the operation of designing and building GUIs. A GUI example has been prepared for 3 DOF Robot including the forward kinematics. GUI is given in the following figures control the joint angles( 1 q , 2 q , 3 q ). DH parameters can directly be changed . Figure 9 shows the home position of the robot and the path generated with the given coordinates, respectively. The following results are tuning the PID gain for each DC gear motor. 
DISCUSSION AND CONCLUSION
This paper has been researched the position control for 3 DOF articulated robot arm. The link length and weight of the robot arm are considered by using required parameters. The forward and inverse kinematic are calculated by using D-H parameters and analytical method. And then, PID controller is used to get the actual position of robot arm. PID gains are tuned by using Ziegler Nichol method. Finally, the results are shown in MATLAB Simulink software..
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